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ABSTRACT 


Lift,  drag  and  pitching  moment  data  for  aluminum  and  rubber 
models  of  a  segment  of  the  NSRDC  towline  are  presented.  Deflections 
on  the  rubber  model  were  also  measured  through  a  pitch  angle  range 
of  +  1°  through  -  4°  with  water  velocities  ranging  up  to  68  feet  per 


second. 
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TABLE  I 


Nomenclature 


Designation 


A 

B 

C, (LC) 
Cd,(CD) 
Cl,(CL) 
Cm.(CM) 

D,  (DRAG) 


L,  (LIFT) 


M,  (MOMENT) 


Nose 

P0,(PO) 


Planforrn  area  of  foil,  BxC 

Span  of  foil 

Chord  of  foil 

Drag  coefficient,  D/qgA 

Lift  coefficient,  L/q^A 

Pitching  moment  coefficient,  M/qQCA 

Drag  force,  positive  when  acting  in  the  direction 
of  flow  parallel  to  the  longitudinal  centerline 
of  the  working  section. 

Lift  force,  positive  when  acting  upward  and 
normal  to  the  direction  of  flow  which  is 
parallel  to  the  longitudinal  centerline  of  the 
working  section. 

Pitching  moment,  positive  when  tending  to  rotate  the 
foil  leading  edge  upward  about  an  axis  taken  normal 
to  the  longitudinal  centerline  of  the  working  section 
through  the  25^  chord  point. 

Leading  edge 

Static  pressure  of  water  in  working  section, 
absolute 


Pv,  (PV) 
q0.  (QO) 

Rn,  (RN) 

T.  E. 

v0.  (VO) 

W  .  ( WM) 
m 

Ww,(WW) 


=  Vapor  pressure  of  water  at  test  temperature 

=  Dynamic  pressure  of  water  in  working  section, 
z  PVQ 

=  Reynolds  number,  V^C/v 
=  Trailing  edge 

=  Water  velocity  in  working  section 
=  Weight  of  mercury 
=  Weight  of  water 
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a.  (PITCH) 

P.(RHO) 
v,  (NU) 
a,  (SIGMA) 

CCN 


PSF 
PS  FA 
Aluminum 
Rubber 


TABLE  I  (Cont'd.  ) 


s  Pitch  angle  i  angle  of  attack  of  foil  measured 
between  working  section  longitudinal  centerline 
and  foil  chordline,  positive  when  leading  edge 
is  rotated  upward 

=  Density  of  water 

3  Kinematic  viscosity  of  water 

3  Index  of  cavitation  based  on  vapor  pressure  of 
water,  (PQ  -  Pv>/qQ 

3  Card  code  number  used  to  identify  the  nature 
of  the  data  point  as  follows: 

CCN 

110  =  Pretest  reference  readings 

120  =  Model  test  data 

130  =  Post  test  reference  readings 


3  Pounds  per  square  foot 
s  Pounds  per  square  foot  absolute 
3  Rigid  aluminum  model 
3  Flexible  silicone  rubber  model 


Note:  Equivalent  nomenclature  designation,  used  in  computer 
printout  Table  II,  appears  in  parenthesis. 
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TABLE  III 

Measured  Deflections  on  Rubber  Model 


Data 

Pt. 

a, 

Deg,_ 

* 

Vel., 

ft/sec. 

Y  Elevation, 
in. 

Data 

Pt. 

a. 

Deg. 

* 

Vel., 

ft/sec. 

Y  Elevation,  in. 

I  Nose 

1  t.e.i 

98 

+  1 

H 

1.  577 

Nose 

ra 

-1 

a 

99 

tl 

lx 

1.  573 

II 

IBS 

1 1 

1.  600 

100 

11 

KV; 

1.  557 

1 1 

127 

It 

Of 

1.  609 

1.  587 

101 

f  f 

30 

1.  549 

It 

128 

It 

Ef 

1.  616 

1.  595 

102 

f  1 

40 

1.  545 

It 

129 

40 

1.  619 

1.  600 

103 

It 

50 

1.  533 

If 

130 

50 

1.  622 

1.  591 

104 

It 

60 

1.  522 

(1 

131 

11 

60 

1.  623 

1.  591 

11 

1 1 

II 

1.  522 

T.  E. 

132 

1, 

50 

1.  625 

1.  591 

105 

It 

50 

1.  530 

II 

133 

1 1 

40 

1.  621 

1.  592 

106 

40 

1.  561 

tl 

134 

11 

30 

1.  619 

1.  594 

107 

rr 

30 

1.  580 

II 

135 

11 

20 

1.  609 

1.  589 

108 

it 

20 

1.  600 

It 

136 

1 1 

10 

1.  605 

1.  575 

109 

n 

10 

1.  622 

II 

137 

tl 

0 

1.  603 

1.  584 

110 

tt 

0 

1.  641 

1 1 

138 

-2 

0 

1.  610 

l.  548 

112 

0 

0 

1.  611 

1 1 

139 

It 

10 

1.  615 

■222 

113 

ii 

10 

1.  603 

It 

140 

H 

20 

1.  634 

IBS 

114 

ii 

20 

1.  595 

tt 

141 

It 

30 

1.  646 

1.  599 

115 

»• 

30 

1.  598 

1 1 

142 

r  t 

40 

1.  614 

116 

1 1 

40 

1.  587 

1 1 

143 

50 

1.  666 

1.  615 

117 

it 

50 

1.  561 

ft 

144 

60 
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118 
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60 
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tt 

145 
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ft 
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Nose 

146 

H 

40 

1.  655 

1. 616 
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tl 
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1 


NS  RPC  FAIRED  TOWLINE  TESTS 
IN  THE  HIGH  SPEED  WATER  TUNNEL 

Discussion 

Thia  report  preaenta  the  reaulta  of  water  tunnel  teata  conducted 
on  two  full-acale  modela  of  a  segment  of  the  NSRDC  towline  (NACA 
0020  airfoil  profile)  The  primary  function  was  to  measure  lift,  drag 
and  pitching  moment  and  trailing  edge  deflections  as  a  function  of 
pitch  angle  on  a  partially  elastic  model.  Tests  were  also  conducted 
on  an  aluminum  version  model  of  the  towline  segment  to  serve  as  a 
data  base  for  comparison. 

Theae  testa  were  conducted  in  the  two-dimensional  working  section 

of  the  High  Speed  Water  Tunnel  (HSWT)  in  the  GALCIT  Hydrodynamics 
* 

Laboratory  .  This  tunnel, which  uses  a  closed  circuit, has  a  choice  of 
either  a  two-dimensional  (6"  x  30")  or  axi-aymmetric  (14"  D.  )  working 
section  (see  Fig.  1). 

Of  the  two  modela  (NACA  0020  airfoil  profile)  used  for  these  tests, 
one  was  fabricated  from  silicone  rubber  bonded  to  an  epoxy  bound  glass 
fiber  strength  member  and  covered  with  a  silicone  rubber  impregnated 
fabric  (see  Fig.  3,  alao  lower  model  in  Fig.  4).  The  other  model  of 
the  towline  segment  was  fabricated  from  aluminum.  (See  Fig.  4, 
mounted  model.  )  The  models  had  a  span  of  6  inches  with  a  chord  length 
of  2.  4  inches. 

Models  were  supported  on  the  three  component  strain  gage  balance 
which  is  mounted  on  the  side  wall  of  the  working  section  (see  Fig.  2). 

* 

For  a  more  complete  description  of  this  laboratory  see:  Ward,  T.  M. 

"The  Hydrodynamics  Laboratory  at  the  California  Institute  of  Technology 

1976",  J.  Fluids  Engineering.  ASME,  December  1976. 
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The  opposite  sidewall  consists  of  a  1.  75  inch  thick  aluminum  plate  with 
a  7.  5  inch  diameter  circular  plexiglas  viewing  window.  Tip  clearance 
between  the  model  and  the  viewing  window  was  set  at  0.  009  inches. 

Data  recorded  during  these  tests  include  three  component  force 
and  moment  data  which  are  recorded  simultaneously  for  each  data  point 
on  IBM  punched  cards  using  an  automatic  data  acquisition  system. 

These  data  are  reduced  to  the  final  coefficient  forms  defined  in  Table  1 . 
Deflections  of  the  elastic  model  were  also  measured  by  means  of  a 
two  directional  cathetometer  mounted  at  the  viewing  port.  Leading 
and  trailing  edge  deflection  data,  measured  at  the  free  end  of  the  model, 
are  presented  in  Table  £11  commencing  with  data  point  number  98. 

Data  Reduction  and  Accuracy 

Signals  from  the  force  balance,  manometer  readings,  model 
settings,  physical  constants,  and  other  data  were  recorded  on  punched 
cards  and  reduced  using  digital  computer  processing  techniques.  These 
data  are  presented  in  Table  II.  Data  for  run  numbers  1  through  4 
correspond  to  the  aluminum  model  and  those  from  runs  5  through  19 
correspond  to  the  silicone  rubber  model. 

Manometer  indications  of  velocity  in  the  working  section  exhibit 
a  natural  oscillation  which  has  a  maximum  amplitude  change  varying 
from  approximately  +5$  at  10  ft/sec  to  +  1$  at  60  ft/sec.  The  oscilla¬ 
tion  is  slow  and  exhibits  periods  when  no  fluctuation  is  detectable. 

Data  are  recorded  during  these  periods  of  zero  fluctuations  and  it  is 
believed  that  the  velocity  data  presented  here  are  accurate  to  within 
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Working  section  pressure  indicators  exhibit  similar  oscillations, 
however,  the  maximum  excursions  are  not  as  large  and  the  data  presented 
here  are  also  believed  to  be  accurate  to  within  ^0.  5$. 

Angle  of  attack  settings  are  accurate  to  within  +0.1  degree.  No 
allowances  or  corrections  have  been  made  to  adjust  for  model  deflections 
due  to  applied  loads,  mounting  plate  tare  or  tunnel  boundary  effects. 

The  output  of  all  balance  gages,  including  hysteresis,  nonlinearity 
and  repeatability  are  linear  to  within  _+0.  25^  of  full  range.  The  data 
system  used  to  process  and  record  the  output  is  accurate  to  within 
+  0.  1  %  of  the  indicated  value.  As  a  result  of  the  above,  the  force  and 
moment  data  presented  are  believed  to  be  accurate  to  within  the 
following  limits: 

Lift  force;  +0.5  lbs. 

Drag  force,  +0.  2  lbs. 

Pitching  moment;  ^0.  75  lb.  -in. 

This  work  was  performed  for  the  U.  S.  Navy  under  Contract 
No.  N00014-78-C-0790. 
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SECTION  A-A 


PUDOGLAS  WINDOWS  TOP  AND  BOTTOM 
Two-Dimensional  Working  Section  Schematic 


